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wor k that we do.
Q Vell, let's back up because naybe |I m sunderstood
MR. BULLOCK: Judge, we're well past the half hour, |
j ust wonder when counsel is going to wap up. |'mnot trying

to hold people to specific --

MR. GEORGE: Two m nutes, Your Honor.

THE COURT: Very good.
Q (By M. George) | want to make sure | understand, Dr.
Teaf. You're not offering an opinion in this case regarding
the likelihood of transport of poultry litter to a water body
conpared to other sources; is that correct?
A No, I"'mnot. No, I'mnot. |I'midentifying sources, and
|"midentifying receptors.
Q In fact, yesterday when you tal ked about -- | think you
threw out sonme percentages in terns of cattle manure versus
poultry litter. You were talking just about your analysis of
how nmuch hits the ground, not how nmuch gets to the water;
correct?
A And subsequent to that | discussed the inportance of
knowi ng how it may nake its way to the water body, yes, sir.
Q But you're not offering an opinion as to whether it got
there or not because you're not offering a fate and transport
opi ni on; correct?
A Wll, | amoffering an opinion about that it got there and

|"moffering it for two reasons. One, the bacteria levels are
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1 very high and second of all, the signature that was identified

is of cattle -- is of poultry.

belief that the water shows the evidence of poultry

contam nation; correct?

(2NN ¢ 2 IR N ¢S B\

Q You' re relying upon the work of Dr. Roger O sen for your

A In part | amand |I'malso relying upon that of Dr. Harwood

7 and the other lines of evidence that | described yesterday.

8 Q But you yourself, sir, have conducted no fate and

9 transport analysis; correct?

10 A. No, | did not, not a fornmal one, no.

11 Q Sir, based upon the work that you've done in this case,

12 not the work of others, can you state to a reasonabl e degree of

13 scientific certainty that if Judge Frizzell grants the

14 injunction that is requested by your client, the water quality

15 standards for bacteria in the Illinois Rver will be net

16 2008 and 20097

17 A My opinion is that they will be.

in

18 Q Can you state that opinion to a reasonabl e degree of

19 scientific certainty?

20 A. | can based on the information that | have revi ewed.

21 Q You're willing to stake your professional reputation on

22 the proposition that if this Court enters the injunction sought

23 by your client, the water quality standards for bacteria in the

24 II'linois River will be met next year?

25 A Based on all the information that | have and ny know edge
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A Yes, there is. And the reason that | just didn't recal

at the tine -- the Wse County cases invol ved bacterial growth
produci ng hydrogen sulfide in residential wells as a
consequence of the introduction of natural gas and condensate.
So | didn't think about themas comng fromthe surface, but

t he contam nant of concern was hydrogen sulfide is mcrobially
pr oduced.

Q Sir, you were not asked to evaluate in that case the fate
and transport of bacteria found in groundwater, were you?

A No.

Q You were sinply evaluating the effects of groundwater --
|"msorry, of bacteria found in certain wells?

A That's correct.

Q So as it stands today, sir, you have never before worked
on a litigated matter in which you were asked to offer an
opinion as to the fate and transport of bacteria to

gr oundwat er ?

A That's correct.

Q Sir, prior to being retained by the Plaintiffs' |awers
representing the attorney general's office in this case, had
you ever worked on a research project or published a paper
related to the novenent of bacteria in either surface water or
gr oundwat er ?

A No.

Q Sir, have you ever had your opinions in an environnental
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as a reliable nethod of tracking fecal bacteria in the

envi ronnent ?

A Yes, as | said, they have several experts working on this
area thensel ves.

Q Dr. Harwood, I'd like to call your attention to State's
Exhibit 59-1. It should be in front of you there on the

lectern in front of you.

A Yes.

Q Wul d you please identify that for the record?

A Yes, that's ny CW.

Q Is it a current copy of your curriculumyvitae?

A Yes, it looks like it.

Q Have you recently updated that curricul un?

A Yes, just recently we had a paper that's been published in

Applied Environnmental M crobiology on quantitative PCR, so that

was an updated edition.

Q You said quantitative PCR?

A Quantitative polynerase chain reaction.

Q So PCR stands for?

A Pol ynmer ase chai n reacti on.

Q |"'mgoing to let you say that all day, |I'mgoing to say
PCR

A Ckay. Me, too.
Q When did you first becone involved in the cases before the

Court here today?
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A | was first contacted in August 2004 and then did not

start working on the case until April 2005.

Q Now, what is your understandi ng, Doctor, about the subject
matter of the case that's before the Court today?

A The Okl ahoma Attorney CGeneral has filed suit agai nst sone
poultry integrators in order to stop or place a noratorium upon
| and application of poultry litter due to environnental

ecol ogi cal and hunman heal th hazards associated with that
practice.

Q Were you given any assignnments in this case?

A | was asked to help plan sanpling procedures, review

anal ytical results for mcrobiology anal yses and render

opi nions on the -- on aspects of m crobiol ogi cal water

contam nation fromland applied poultry litter and human heal th
risks that could result fromthat practice. And also worked in
conjunction with North Wnd Laboratory to devel op what we term
a poultry litter biomarker, a specific PCR assay for bacteria
that are associated with poultry litter, to use as a tracer for
| and applied poultry litter.

Q kay, Doctor. Doctor, what materials have you reviewed in
order to acconplish those assignnments?

A Vell, I'"ve reviewed a | ot of docunents, but they include
results of mcrobial testing that were sent to nme by CDv. And
t he anal yses were done by | aboratories, three | aboratories,

FoodPr ot ech, A&L Laboratory and EML Laboratory. | reviewed
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1 represented by them

Q Thank you, Doctor. | want to switch gears on you a little
bit again. Do you have an opinion with respect to the source
of bacteria that has inpaired the | RA?

A Yes, | believe that a significant portion of that is

(2NN ¢ 2 IR N ¢S B\

contributed by |and applied poultry litter.

7 Q And do you have an opinion as to what woul d happen if

8 poultry waste | and application was stopped in the | RAP

9 A Yes, | believe that over tine the |levels of bacteria would
10 decline and that the human health risk woul d be decreased.

11 Q Ckay. Do you have any specific evidence, Doctor, that

12 contribution of poultry litter to lands in the | RWhas

13 contam nated the waters of the | RAP

14 A Yes, we used a reliable nmethod called pol ynerase chain

15 reaction or PCRto develop a poultry litter specific biomarker
16 whi ch we use as a tracer to follow the pathway of poultry -- of
17 m crobial contam nation frompoultry litter throughout the

18 Il'linois River Wtershed.

19 Q Wul d you just define briefly what a bi omarker is?
20 A A bi omar ker woul d be a biol ogi cal conponent of sone
21 organism In this case it's a bacteriumand in this case the
22 bi ol ogi cal conponent is a gene fragnent that we were able to
23 detect by PCR and this bacteriumis highly associated wth
24 chicken -- with contam nated chicken litter.

25 Q Doctor, are there differences between the PCR net hod of
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1 identification and then the standard nethods of identifying

2 bacteria such as the indicator bacteria?

3 A Yes, as | nentioned before, standard nmethods for the |ast

4 century have relied upon culturing bacteria. By the |ast

5 century, | nmean 1900 to 2000. Culturing bacteria is tine

6 consum ng. Again, as | nentioned, it depends on the physiol ogy

7 of the bacteria, whether they were in a state to be able to

8 grow or not and requires that one use the correct nedi

um that

9 one has the correct incubation tenperature. So culture-based

10 nmet hodol ogi es are fraught with difficulties of interpretation.

11 PCR- based nethods are basically being able to detect a

12 specific genetic conponent of the bacterium W use DNA -- we

13 use the PCR as sort of a DNA Xeroxing machine. 1It's highly

14 specific. It can anplify or produce | arge anounts of

DNA from

15 small anmpbunts. It's rapid and it doesn't depend on the

16 physi ol ogi cal state of the organismfor detection. And again,

17 it's actually much nore highly specific than culture-based

18 met hods for bacterial identification are.

19 Q Now, is PCR considered by the scientific community to be a

20 reliable nethod to detect specific bacteria?

21 A Yes, and in other scenarios other than bacterial use or
22 identification of bacteria as well. So it's used, for exanple,
23 inthe legal field to determne the guilt of crimnals or to
24 free innocent people. It's also used in the nmedical setting

25 to, again, to -- this goes back to the bacterial conponent --
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1 to identify bacteria, viruses and other infectious

m croorgani sns that cause disease. It's very widely used in
the forensic and the clinical communities and it's maki ng nmaj or
i nroads into environmental m crobiology as well.

Q So is your testinony, Doctor, that the PCR nethod that you

(2NN ¢ 2 IR N ¢S B\

enployed in this case is the sane nethodology that's used to
7 | ook at DNA in the crimnal context to determ ne whet her

8 soneone's DNA is in a crine scene or sonething |ike that?

9 A It is essentially the sane type of nethodol ogy.

10 Q Is it the sanme nethodol ogy they use in hospitals to
11 identify the source of a disease?

12 A Yes, essentially the sane.

13 Q Ckay. Now, Doctor, are you aware of a standard

14 conventional nethod of detecting poultry bacteria in

15 envi ronnment al medi a?

16 A There is no standard conventional nethod for specifically
17 detecting poultry contam nation in environnmental waters.

18 Q So when you are faced with a hypothesis as an

19 envi ronnental question like this, how do you go about answering
20 t he question of such hypothesis?

21 A Vll, that's one of the things that ny | aboratory

22 speci alizes in is devel opi ng net hodol ogy that can be validated
23 in controlled settings and then used in the field to answer

24 guesti ons about where m croorgani sns cone fromin waters.

25 Q | s that what you did when you devel oped the PCR
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1 nmet hodol ogy in this case?
2 A Yes, it is.
3 Q Doctor, | want to call your attention to State's Exhibit
4 435. And again, there's a copy in the packet in front of you
5 but there's also a blowup of the exhibit on the tripod. Wuld
6 you identify this docunent for the record, please?
7 A Yes, this is a chart that shows -- that outlines the

8 devel opnent and validation of the poultry litter biomarker for
9 this study.
10 Q VWho prepared this exhibit?

11 A This exhibit was -- well, the flowhart was prepared by
12 nysel f.
13 Q Ckay. Would you take a couple of mnutes and explain to

14 the Court the nethodol ogy that you enpl oyed to devel op the PCR
15 bi omarker in this case using this exhibit?

16 A Yes, so to start off --

17 Q You can stand up if you like or you can sit there wth a
18 poi nter, either way.

19 A | think I'"m good here, that way everybody can hear ne.
20 Q Ckay, thank you.

21 A Keep in mnd that what this -- the end goal of this

22 process i s have sone sort of a genetic tracer that we can use
23 to determ ne whether poultry litter was present in

24 envi ronnent al sanples, whether it be soil sanples or water

25 sanpl es, groundwater, surface water. And so in order to do
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1 that, we needed to find a genetic -- a piece of genetic

mat erial that canme from m croorganisns fromthe chickens. And
it needed to be both specific to the poultry, broadly
distributed in the waste, the poultry waste, and in field

sanples to which these -- this litter had been | and appli ed.

(2NN ¢ 2 IR N ¢S B\

So it needed to be broadly distributed and al so needed to be

7 specific to the poultry contam nation source. So that's the

8 end gai n.

9 The starting material we used to find this fragnent,
10 because keep in m nd, none existed -- not none was existed, but
11 none was identified before this process, was we used litter
12 sanpl es frompoul try houses that contai ned chickens and those
13 that contai ned turkeys and we used sanples fromfields to which
14 poultry litter had been | and applied. W --

15 Q Is this all IRWbased litter and fiel ds?

16 A This is all material fromthe IRV yes.

17 Q Thank you, Doctor.

18 A It's all material fromthe IRW W utilized pol ynerase

19 chain reaction and we used three separate PCR, polynerase chain
20 reaction, assays using what we call different priners. Priners
21 are like little sticky bits of DNA that are very specific to

22 t he sequence that you're trying to anplify or nmake nore of.

23 And we used these -- and the PCR priners allow one to be very,
24 very specific in terns of the genetic material that you are

25 targeting. So we used separate PCR assays and separate primner
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1 sets to develop a pool of E. coli DNA. So in one sanple of
poultry litter, for exanple, you mght have ten or a hundred or
even nore different E. coli strains. So this DNA pool
contained anplified or PCR anplified E. coli DNA. A second

pool contained DNA from bacteria. And a third pool contained

(2NN ¢ 2 IR N ¢S B\

DNA from bacteroides. This is a fecal anaerobe that's been

7 used in many other mcrobial source tracking studies.

8 We then used a nethod called termnal restriction

9 fragnment | ength polynorphism This is basically going to cut
10 t he DNA depending on its preci se sequence and give us fragnments
11 of variable lengths. And what we were | ooking for fromthese
12 DNA pools were fragnents that conprised at |east 20 percent of
13 the total DNA in the pool and that also were found across all
14 of these sanpl es because a bionmarker that's infrequently found
15 in the sanple type is not going to be very useful once it gets
16 out in the environment. It sinply won't be present at high

17 enough concentration and it won't be useful for a |ot of

18 di fferent sanpl es.

19 Q Doctor, let me just ask you here. So on the right-hand
20 si de about a quarter of the way down you have criteria, unique
21 poultry gene found in all sanples. |Is that what you just
22 described in sinple terns?
23 A Right, that's what | just described. W're |ooking for a
24 unique -- a gene that's unique. And it should actually say

25 uni que poultry bacteria gene because we're not really | ooking
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for a gene fromthe chicken. W're |ooking for a gene fromthe
bacteria associated with the chicken found in all of these
sanpl es because, again, we want it to be representative broadly
of litter and land applied field sanples.
Q Thank you, Doctor. Please proceed
A Al right. So we identified sonme candidate fragnents from
the TRFOP, the termnal restriction fragnent |ength
pol ynor phi sm that were broadly present in these sanples. And
then we needed to further investigate these fragnents because |
said that the fragnments needed to be broadly distributed that
we're going to ook at, but they al so needed to be specific to
poultry. And so we cloned these fragnents. W did DNA
sequences, so we determ ned their exact sequence. And then we
mat ched t he sequence of those fragnents up to the GenBank
dat abase. This is a worl d-w de database containing literally
mllions of DNA sequences.

VWhat we were | ooking for in the matching to the
GenBank dat abase was we were | ooking for fragnents, for DNA
fragments that have never been seen before in any other type of
fecal material or in uncontam nated soil sanples or in river
water. W were basically |ooking for bacteria that are
candi dates for being poultry litter specific. And so what we
found after this analysis, we submtted a | ot of sequences to
the --

MR. JORGENSEN. Your Honor, before we get to what we
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1 found, |I've been trying not to interrupt but I think it m ght
be the right time. | knowthis is not a jury case and that

there is no Daubert hearing. Just for the record, I want to
say that we're going to make one. Dr. Harwood just testified

that she -- no one has done this before, she invented this

(2NN ¢ 2 IR N ¢S B\

process. (Qbviously | suspect you would rather for ne to wait

7 and do it all on cross and then nake it at the end. But |

8 just, for the record, before the conclusion is stated, | want

9 to say that we're going to say that this could never neet the
10 standards of Kunmho Tire.

11 THE COURT: Yes, sir, | understand that. And it

12 appears that everyone is seeing it the sane way procedurally as
13 | am Qbviously Daubert is used to try to keep junk science
14 away fromjuries. Qoviously with a judge, | can nake that

15 determ nation. Your objection has been nmade for the record.

16 Go ahead, M. Page.

17 MR. JORGENSEN. Thank you, Your Honor.

18 MR. PAGE: Thank you, Your Honor.

19 Q (By M. Page) Dr. Harwood, | think you were tal king about
20 devel opi ng new PCR prinmers?

21 A That's correct. So based on the --

22 Q Just to ask a question, is that what you typically do with
23 this type of work?

24 A Yes, that is a strategy that has been enployed in

25 devel opi ng several of the nost successful mcrobial source
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tracking markers that are utilized.

Q Wul d they devel op these type of prinmers if they are doing
work for a crimnal case or a hospital analysis?

A For hospital analysis, yes.

Q Thank you, Doctor. Continue

A So we were -- after analyzing many different fragnents and
determ ning that sone of these fragnents were found in
environnents or fecal sanples that were not from poultry
litter, we ended up with three candidate primers for -- three
candi dates fragnents that coul d possibly be a good bi omarker
So we devel oped new PCR priners to nake PCR assays for these
candi date markers. Wth our new PCR assays in hand, we then
went back to the litter sanples and to the land applied field
sanpl es and nmade certain that we could anplify these targets
out of these original sanples. And we had subsanpl es of these
sanples. So again, we're nmaking sure that this is broadly
distributed in these so-called target sanples.

Q Wul d you expl ain what you nmean by anplify?

A Yeah.

Q What does that | ook |ike?

A So anplify, in PCR when -- you start off with a very,
very small anmount of nmaterial and you use -- of genetic
material, DNA. And you use the polynerase chain reaction as

a -- again in colloquial terns you mght say sort of a DNA

Xer oxi ng machine to specifically increase the nunber of copies
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1 of that particular piece of DNA that you're | ooking at.

2 Q Thank you.

3 THE COURT: Let nme go back just so | understand your

4 flowchart. You say you devel oped three candi date priners here?
5 THE WTNESS:. R ght.

6 THE COURT: Wiere are you referring, the mddle where
7 it says three candi date genes? You' ve got another one over

8 here, one candidate gene, which I think is four. Wat are you
9 referring to here?

10 THE WTNESS: This here?

11 THE COURT: No, when you refer to you devel oped three
12 candi date pri nmers.

13 THE WTNESS: Oh, sorry, yes, there are four. This is

14 three candi dates fromthe DNA pool and one candidate fromthe

15 E. coli pool. | just m sspoke, sorry.
16 THE COURT: Ckay.
17 THE WTNESS: So it would be four candi date bi omarkers

18 and four different PCR assays. So again, you needed to nake
19 sure that these PCR assays would work and anplify the fragnment
20 fromour starting material. W also needed to go to the feces
21 of animals that mght -- whose fecal litter mght inpact the
22 wat ershed or that m ght cross-react with this marker. So we
23 coll ected nunerous sanples fromcattle, fromsw ne, from

24 humans, both from wastewater treatnent plants and from septic

25 tanks, and from ducks and geese. And we utilized these PCR
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1 prinmers and PCR assays against all of these so-called
2 non-target sanples.
3 And in fact, we had no cross-reactivity with the
4 sanples with the exception of one duck sanple and one goose
5 sanpl e that cane fromoutside of the Illinois R ver Watershed.
6 We did have cross-reactivity of the marker with those sanples.

7 And then when we sequenced that PCR product, that bit of DNA
8 that was Xeroxed or anplified during the process, we did find
9 that it was the sane DNA sequence as our biomarker. So we do
10 have to accept sone limted cross-reactivity in those
11 reactions. However, that is the case with all mcrobial source
12 tracking markers or the vast mgjority of themthat have been
13 found to date.
14 Q (By M. Page) How does that cross-reactivity with that
15 one duck and goose sanple affect the reliability in your
16 opi nion of the PCR identification?
17 A So it depends on the context that it's done in, but one of
18 the aspects of this detection was for both the duck and the
19 goose sanple, we had duplicate sanples. And only one of the
20 duplicates -- in only one of the duplicates was anplification
21 ever obtained which neans -- and when we cl oned those DNA
22 sequences, we found a very | ow frequency wi thin the DNA pool
23 that we devel oped. So these sequences are present at very | ow
24 concentration in the duck and goose feces and, again,

25 infrequently. So as | said before, it will be a very poor
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bi omar ker for duck and goose feces and, of course, a nuch, nuch
better one for poultry feces for which the assay was derived.

THE COURT: But if I'"'mto understand correctly, it is
a marker for duck and goose feces as well as general poultry
feces?

THE WTNESS: It could pick up contam nation from duck
and goose feces. And so the -- what one has to do then in the
wei ght of evidence approach that we use in these studies is to
ascertain the extent to which duck and geese are present in the
wat ershed to which they m ght be contributing contam nation.

Q (By M. Page) Wuld you conpare that to the anmount of
poultry that are in the watershed?

A In terns of nunbers?

Q And the wei ght of evidence, yes, in terns of nunbers.

A Oh, in terns of the weight of evidence, yes. So there's
vastly, of course, vastly nore poultry in the watershed than
there are ducks and geese.

So after all of these -- after all of this devel opnent
to date and validation, we were left with one priner set. W
call the primer set LA-35 but | probably won't say that again.
But LA-35 anplifies a DNA fragnent froma bacteria that's nost
closely related to Brevibacteria avium Brevibacteria aviumis
a bacteriumthat was first isolated frompoultry. To ny
know edge, it has not been isolated from organi sns ot her than

poultry. And so it appears to have a good basis for -- a good
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1 bi ol ogi cal basis even for being a poultry specific marker.
VWhat we felt we needed to do at that point was --

Q So at this tine, at this point in the analysis, has the

anal ysis been able to specifically identify poultry versus

non-poultry feces bacteria?

(2NN ¢ 2 IR N ¢S B\

A Right. So at this point then we are able to go back to
7 these field sanples and utilize the PCR nethod on them W' ve
8 al so been able to go to many other litter sanples and edge of
9 field sanples and surface water sanples and al so validate that
10 this PCR nethod works on -- broadly on poultry litter sanples.
11 THE COURT: Excuse ne for mssing it, but how did we
12 get fromthe four PCR priners to PCR LA-35? How did you nake
13 that --

14 THE WTNESS: So the other three, the other three

15 prinmer sets either were deficient at anplifying fromthe

16 original sanples or, and this was even nore the case,

17 cross-reacted strongly with sone of the conponents of our

18 non-target sanples. So we basically discarded them because

19 they weren't useful as biomarkers.

20 THE COURT: Al right. So LA-35 was one of the four?
21 THE W TNESS:  Yes.

22 THE COURT: Ckay.

23 THE WTNESS: LA-35 would have been up here in this
24 box as a candi date gene fromthe DNA bacterial pool. And so

25 it's made it all the way down here now.
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THE COURT: Al right.

THE WTNESS: The quantitative PCR was devel oped
because at this stage, the LA-35 stage, this is a conventional
PCR technique and it doesn't give us any nunbers. It just
gi ves us presence, absence. And we knew that we'd have
addi tional information about the pathway of poultry
contam nation in the watershed if we were able to have a
gquantitative assessnent of the anpunt of this biomarker that
was finding its way into the water. And so the quantitative
PCR assay was devel oped again based on these LA-35 priners
using the sanme prinmer set. And we found it to be highly
guantitative and sensitive with a detection limt of about six
gene copies of the Brevibacteria aviumlike bacteria. W don't
know that this bacteriumis Brevibacteria avium but it is
simlar to that organi sm

We then carried out the -- the gPCR neans quantitative
pol ymerase chain reaction. W carried out the gqPCR anal ysis on
various types of sanples, including litter, soil, edge of field
sanpl es. Edge of field neans the runoff that's comng directly
off of the land applied fields. Al so on surface water and
groundwat er sanpl es.

THE COURT: What do you nean by detection limt of six
gene copi es?

THE WTNESS: That's what we call a nmethod detection

limt. So that neans that the small est anpbunt of DNA that we
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1 can detect frominside bacteria is six gene copies. That's
called the sensitivity of the reaction.

THE COURT: Go ahead.

MR. PAGE: Thank you, Your Honor.

Q (By M. Page) So at this point in tinme then you' ve been

(2NN ¢ 2 IR N ¢S B\

able to identify a nethod to specifically identify whether
7 there's poultry bacteria genetic material in an environnental
8 medi a?

9 A. Correct.

10 Q And you are also able to quantify the relative anount?

11 A Correct.

12 Q Can you quantify in all sanples?

13 A In all sanple types?

14 Q No, on all sanples where you find presence of the bacteria

15 genetic material .
16 A Vll, it turns out that as you -- the way that we do this

17 anal ysis, when we filter water and try to detect the bacteria,

18 we have a detection limt of about six, of about -- sorry. W
19 have a quantitative detection of about six -- 2,000 copies per
20 liter of water, sorry. So for it to quantitate the biomarker,
21 we need about 2,000 copies per liter of water. In order to

22 sinply detect the bacteria, we need nore |like 50 copies per
23 liter of water. And the reason that that 50 nunber is
24 different fromthe six is because we have to concentrate that

25 sanpl e and we have to extract the DNA and we're always |osing a
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little bit of sensitivity in that process.

Q Thank you, Doctor. Wo did you work with in devel opnent
of this PCR process?

A | worked with North Wnd Laboratory and that was Tanzen
Macbet h and Jennifer Wide were the scientists there that |
wor ked wit h.

Q Anyone el se?

A We worked with Roger A sen in terns of we worked on the
sanpling strategy and col |l ection.

Q Do you intend to publish your findings of this study in a
peer reviewed scientific journal?

A Yes, definitely. The abstract is submtted to the

Ameri can Society of M crobiology Conference which will take
pl ace in June. And the manuscript is in preparation to be
submtted to Applied Environnmental M crobiol ogy.

Q Doctor, now | want to turn your attention to Plaintiffs’
Exhi bit 436.

THE COURT: Doctor, | imagine this will be touched
upon in cross-exam nation, but to the extent the manuscript is
in preparation, it hasn't been subjected to peer review or
scrutiny; correct?

THE W TNESS: Correct.

THE COURT: Go ahead.

MR. PAGE: Thank you, Your Honor.

Q (By M. Page) Dr. Harwood, would you please identify for
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MR. PAGE: Thank you, Your Honor.
Q (By M. Page) Did you detect the biomarker in surface
wat er sanpl es?
A Yes, we did. We detected the biomarker in 43 and a half
percent or so of surface sanples at levels up to 100, 000 per
liter.
Q What about groundwater sanpl es?
A We did detect it in sonme groundwater sanples, two
groundwat er sanples to be exact, and at a |l evel up to 20, 000
per liter. And two out of 22 sanples would be 9 percent.
Q Now, a simlar question to what the Judge just asked you.
What does this information tell you, if anything, with regard
to the distribution or pathway of poultry waste bacteria in the
| RWP
A Vell, it denonstrates that the bacteria are follow ng the
pat hway or that they have a transport pathway fromthe fields
to the surface waters and also into the substratuminto that
karst, that fractured karst substratum which then allows them
to appear in the groundwater and then be transported back
upward into the spring systens.
Q Let nme draw your attention or if you would, to sanple
mar ked LAL5A on this exhibit. Can you identify that |ocation
for the Court, please?
A Yeah, | think so. LAL5A is right about here. That's a

soil sanple and froma |land applied field. That one had 4
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br eak?

MR. PAGE: | would, Your Honor, thank you.

THE COURT: Let's take a recess until hows 1:30? 1Is
that enough tinme? We'Ill be in recess until 1:30 p. m

(Recess.)

MR. PAGE: Your Honor, thank you for calling that
break. May | continue, Your Honor?

THE COURT: Yes, sir.

MR. PAGE: Thank you, sir.
Q (By M. Page) Dr. Harwood, how many sanpl es have been
anal yzed for PCR to date?
A Alittle bit over -- alittle bit over 200.
Q And how many total sanples are there?
A About 550.
Q And how cone your analysis ends with 200 sanpl es?
A We had -- we received results of the sanpling in Cctober,
Novenber and January. And after that, we were instructed to
stop submtting new results until after this hearing is ny
under st andi ng.
Q Thank you. |'d like to turn your attention to Exhibit
439. Dr. Harwood, can you identify State's Exhibit 439?
A That is a graph that was prepared under ny direction. And
it shows on the vertical axis -- well, it's a conparison of the
results for the poultry biomarker assay versus the

concentration of Enterococci in various sanples, including
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1 litter, soil, edge of field, surface water and groundwater

sanpl es.

Q What does this graph tell us with regard to a relationship
bet ween the bacteria that are shown on it?

A Well, it tells us a couple of things. First of all, there

(2NN ¢ 2 IR N ¢S B\

is a significant relationship between Enterococcus

7 concentrations and the concentration of the poultry litter

8 bi omarker in these sanples. It also tells us sonething el se.

9 W tal ked about the sensitivity of the assay and how nuch

10 needed to be present to be quantified and so you need about

11 2,000 copies of the gene to quantify. And when | prepared this
12 graph, what | did was | used the quantitative results for this
13 cluster. But if a sanple had presence of the biomarker, but it
14 was not enough to quantify, then | assigned it a val ue of one.
15 So that's those values down here. And then if the bi omarker

16 was not present, | assigned a value of zero. So that's what

17 these are right here.

18 But even though we do have this gap in the ability to
19 quantify in this area, we still do have a strong correl ation
20 bet ween Enterococci and the Brevibacteriumpoultry litter
21 bi omarker. And you see here the P value is .0001 which neans
22 that there is only one chance in a thousand that this
23 relati onship between the variables is occurring by chance.
24 Q Does it tell us anything about the relationship between

25 poultry waste and the Enterococci indicator bacteria we're
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finding in our sanpl es?

A Vell, it does say that they co-occur. So when you tend to
have high I evels of Enterococci, you also tend to have high

| evel s of the biomarker.

Q Thank you. Now, |et me show you Exhibit 438

A That's a very simlar graph except that shows the

rel ationship of the biomarker, the poultry litter biomarker,
with E. coli concentration. And it's another indicator
bacteria that we're using for general fecal contam nation.

Q Again, does it indicate anything wwth regard to the
relationship between the E. coli that's found in the

envi ronnent and the PCR Brevibacteriun?

A Wel |, again, when we have high levels of E. coli, we also
tend to have high levels of the Brevibacterium

Q Thank you. And then again, |let nme show you what's been
mar ked as Exhi bit 440.

A This is a simlar relationship but wwth the fecal coliform
i ndi cator bacteria and again showing a simlar trend, again a
highly significant correlation of .000L.

Q And does it tell us anything with regard to the

rel ati onship between the fecal coliformand poultry waste?

A So as fecal coliformnunbers tend to be high, so does the
concentration of the biomarker and vice versa, as they tend to
be I ow, the concentration of the biomarker tends to be low. So

they are correlated, they tend to co-vary.
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Q Does that nmean the poultry waste bi omarker co-varies with
t he indicator bacteria?

A Correct.

Q What is the chance of, let's say, a mstake in this

anal ysi s?

A That woul d be, again, it's P less than .0001, so |ess than
one in a thousand that this relationship occurred by chance.

Q Now, Dr. Harwood, earlier | believe you stated an opinion
concerning the inportance of poultry waste as a contam nant, a
bacterial contam nant in the | RAP

A Correct.

Q Wul d you pl ease restate that opinion?

A Yes, ny opinion is that the poultry waste -- |and
application of poultry waste in the |RWis a major contributor
to el evated indicator bacteria loads in the Illinois River

Wat ershed in these waters.

Q Now, what evidence did you use to reach this conclusion?
A | used the wei ght of evidence approach which is what
typically one does when investigating ecol ogi cal questions. So
rather than relying on one line of investigation, integrated
nunmerous lines. So that would be starting out with -- and not
in any particular order. But since we're tal king about it, the
w despread and quantifiable presence of the poultry litter

bi omarker and the evident pathway in terns of its concentration

gradient fromthe litter to the fields to the edge of the field
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1 i nprovenent in water quality and a reduction in risk to human
2 heal t h.
3 MR. PAGE: Thank you. Your Honor, | pass the w tness.
4 THE COURT: Cross-exam nation.
5 CROSS- EXAM NATI ON
6 BY MR. JORGENSEN
7 Q Dr. Harwood, how are you? Good to see you again.
8 A, Hello.
9 Q We have net tw ce before; right?
10 A Twi ce?
11 Q Once at your deposition and once on the plane hone.
12 A Ri ght .
13 Q | think we were both very glad to be on the plane hone.
14 A Yes.
15 Q So, Dr. Harwood, | believe you just stated your ultimte

16 conclusion in this case and | want to say it again to nake sure
17 whether | get it right. Your conclusion is that the types of
18 bacteria in the environnment and the volune of bacteria in the
19 environnent in the Illinois River Watershed are likely from

20 poultry litter?

21 A A major source is frompoultry litter.

22 Q I"d Iike to show you a docunent that has previously been
23 mar ked as Defendants' Exhibit 275 and ask you if you've seen
24 it. Can you see that on your screen?

25 A. Yes.
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1 MR. JORGENSEN. Let ne give copies to the Court.
2 THE COURT: | have a copy of this.
3 Q (By M. Jorgensen) Now, we're starting there on -- |ooks
4 like there's sonme scribbles on the first few pages. So we're
5 starting there on what is page 6. Have you seen that page
6 bef ore?
7 A | don't recall.

8 Q What does it look |ike to you?

9 A It's a fax from Roger Adsen -- to Roger O sen from David
10 Page.

11 Q To Roger A sen fromDavid Page. Wo is Roger O sen?

12 A Roger AOsen is a -- |'ve been working with Roger O sen on
13 this poultry litter biomarker project and in general on the
14 m crobi al sanpling.

15 Q And who is David Page?

16 A David Page is the | awer that was just asking ne

17 guesti ons.

18 Q kay. And what's the date on this?

19 A Sept enber 14th, 2005.

20 Q Thank you so nuch. Let's turn to what in the exhibit is
21 page 10 but -- and not 8, but 10. But on the nunbers at the
22 bottomof the page, it's 4 if you are follow ng al ong on paper.
23 "Il ask you to | ook at the paragraph |abeled J there, source
24 of bacteria. Let me read it and then ask you if that's right.

25 Source of bacteria, Dr. Jodi --
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1 THE COURT: Before we read it, once again in an

2 abundance of caution here, this has already been referenced,
3 but it is subject to the earlier stipulation between

4 M. Bullock and M. George; correct?

5 MR. BULLOCK: Yes, it is, Your Honor.

6 MR. GEORGE: Yes, it is.

7 THE COURT: Very well, PI 275 is admtted.

8 MR. JORGENSEN: Thank you, Your Honor.

9 Q (By M. Jorgensen) Let's look at this again. Do you see
10 it there on your screen?

11 A Yes.

12 Q "Source of bacteria. Dr. Jodi Harwood will testify that
13 the types and volune of bacteria in the environnent is likely
14 fromland applied poultry waste and viruses associated with

15 it." Let's scroll down just alittle bit. PCR analysis may be
16 used if we obtain poultry manure sanples. Did | read that

17 correctly?

18 A. Yes.

19 Q When did you begin your work in this case?
20 A.  April 2005.

21 Q And when did you conme to your concl usion?
22 A Whi ch part of ny concl usi on?

23 Q The conclusion that --

24 A The entire concl usion?

25 Q  Yes.
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1 A Really fromthe whole thing that | just described, it

2 woul d have been late in 2007. Yes, late in 2007, because

3 that's after we had anal yzed the environnental sanples with the
4 bi omar ker .

5 Q Did you know before today that M. Page had said this

6 woul d be your concl usion before you ever even finished your

7 wor k?

8 A | don't know that he said that that's my concl usion since
9 it's taken out of context.

10 Q How is it taken out of context?

11 A All | can seeis that little box.

12 Q Feel free to read the page.

13 MR. BULLOCK: Does the witness have a copy of it, Jay?
14 THE COURT: | don't know.

15 MR. JORGENSEN. May | approach, Your Honor?

16 THE COURT: Yes.

17 Q (By M. Jorgensen) D d | read that correctly, Dr.

18 Har wood?

19 A That little segnent.

20 Q Ckay. |If your |lawer wants to ask you nore questions

21 about that, I'll let himdo that, but the Judge limts us on
22 time, sol'mgoing to nove on. Your testinony is quite

23 conplex, so I'mgoing to try to sinplify it and try to explain
24 it. So let's start by tal king about your role in the case,

25 let's tal k about what you did and what you didn't do. |Is that
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Q And el sewher e?
A Yes. And Sal nonella was identified in edge of field
sanpl es and enuner at ed.
Q Real | y?
A Yes.
Q You don't agree that the State took 68 sanples for soil
and found none with Sal nonella in thenf
A No, | wasn't talking about soil. | was tal king about edge
of field. But soil, that could well be. | don't disagree.
Q So what the State did find was fecal indicator bacteria,
that's right?
A The State did find fecal indicator bacteria, yes.
Q Let's bring up Defendants' Denonstrative 33, if we can. |
think this mght help lay out what we've been tal king about. |
think it's 32. |I'msorry to have used the wong nunber, it's

32. Ckay. So you talked about fate and transport, you did not
do a fate and transport analysis in this case?

A Correct.

Q kay. So let's talk about what fate and transport is.
What do you see on your screen there?

A Vell, can | restate that for a second or can | please
restate ny answer?

Q Sur e.

A We didn't do a specific fate and transport anal ysis, but

we did construct our sanpling regine so as to be able to assess
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1 Q It's very preval ent.

2 A It's -- it is comon in many areas and -- but it's

3 certainly nore associated with fecally contam nated areas.

4 Q Ckay. And it conmes from nany sources?

5 A That's right.

6 Q As a matter of fact, alnost every animal who sheds feces

7 sheds fecal indicator bacteria?

8 A Correct.

9 Q Soin the field | believe you testified that -- well, let
10 me back up. So generally speaking, a fate and transport

11 analysis, it refers to the elenments and attributes that affect
12 a bacteriums survival rate in the environnent and t he speed
13 and manner with which it noves; is that right?

14 A Those are sone of the paraneters that one investigates.
15 Q Ckay. So in a traditional fate and transport anal ysis,
16 you're trying to see if sonething gets frompoint a to point B
17 and how it m ght get there?

18 A Yes, sinplistically put.

19 Q And it's nmuch nore inportant to do fate and transport or
20 to understand that kind of a process where you have nultiple
21 sources of the itemthat you are | ooking for?

22 A Can you ask nme that question a different way? |'m not

23 sure | follow

24 Q Sure. Isn't fate and transport that nuch nore conpl ex

25 when the itens that you're studying, the bacteria that you are
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studying conme frommultiple sources?

A Vell, it really woul d depend on your study design. |
can't say that. It depends on the question that you're asking.
Q s it easier for you to track one bacteria through the
environnent or nultiple bacteria?

A Mul ti pl e species, you nean?

Q Yeah.
A It would be easier to track one species than nultiple
speci es.

Q And if the one type of bacteria cones fromjust one
source, would it be easier to track it through the environnent?

A Conpared to?

Q Mul ti pl e sources

A Conpared to a bacteria that cones fromnmultiple sources?
Q Exactly right.

A Well, again, it would depend on the experinent design. It
woul d depend on where you were starting and where you were
endi ng up.

Q Al right. Wll, let's nove into those factors.

Different bacteria nove through the environnment at different
rates, don't they?

A "' mnot aware of any definitive research on that subject.
It's pretty -- it's pretty well understood that many factors
affect bacterial fate and transport, but it's not well

under st ood how fast they nove with respect to one anot her.
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1 It's well understood, for exanple, that viruses nove faster and
farther than bacteria and that protozoa don't because viruses
are small, bacteria are mddl e and protozoa are big.

Q Different types of bacteria nove through the environnent

at different rates; isn't that correct?

(2NN ¢ 2 IR N ¢S B\

A No, I don't -- | would not carte blanche agree with that
7 st at enment .

8 Q Do you renenber giving a deposition in this case?

9 A Yes.

10 Q Do you renenber that you were under oath when you gave

11 t hat deposition?

12 A Yes.

13 Q Let's bring up, if we can, page 75, line 19 to page 76,
14 line 2 in your deposition.

15 (An excerpt of the videotaped deposition of Valerie
16 Har wood was pl ayed.)

17 Q "Do you have an expert opinion on whether the types of

18 bacteria in this case nove at different rates?"

19 A Did you ask nme a question?
20 Q (By M. Jorgensen) You're waiting to answer.
21 (An excerpt of the videotaped deposition of Valerie

22 Har wood was pl ayed.)
23 A "Bacteria nove at different rates given the physical -- a
24 ot of it has to do with the physical influences upon them and

25 also has to do with their size. But so there are a | ot of
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1 factors that would i nfluence whether they would -- at what rate
2 t hey woul d nove."
3 Q (By M. Jorgensen) So to restate, bacteria nove at
4 different rates?
5 A Depending on in part -- or in large part, | believe, on
6 t he physical and chemi cal factors that are influencing their
7 novenent .
8 Q And those factors can include tenperature?
9 A For bacterial novenent?
10 Q Yes.
11 A It could be a factor.
12 Q Location within the water colum?
13 A Yeah.
14 Q Presence of vegetation?
15 A Yes.

16 Q The nedia that they're noving through, whether it's grass
17 or soil?

18 A Yes.

19 Q The size of the bacteria, sone bacteria are big, sone are
20 smal | ?

21 A Again, the size differences don't nmake nearly as nmuch of a
22 difference as the physical and chem cal factors.

23 Q And the size of the spaces that they're noving through?
24 A Correct.

25 Q All of those are factors that affect how bacteria nove?
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1 A. Correct.

t hey woul d nove toget her?

(2NN ¢ 2 IR N ¢S B\

7 t hen what woul d happen to thenf?

8 Q Coul d you assune that they woul d nove through the

9 envi ronnent together at the sanme rate?

10 A Wll, they're in the poultry house now, where are they

11 going to go after that?

12 Q I f you found two different types, two different species of

13 bacteria in a field, could you assune that they woul d nove at

14 the sane rates?

15 A. | wouldn't want to assunme it, | would want to test

16 Q kay. | think that's right. Bacteria also die at

17 different rates; isn't that right?

18 A. Correct.

19 Q A lot of factors affect how |l ong they can survive out in

20 t he environnent; right?

21 A. Correct.

22 Q A bacteriunms ability to survive depends on its own uni que

23 geneti cs?

24 A Yes, and to the -- of course, the physical, chem cal

25 insults that it's subjected to.

Q So if you were to find a bacteria in the poultry house,
you could not assune -- rather if you found two types of

bacteria in the poultry house, you could not sinply assune that

A If I found two types of bacteria in the poultry house and

it.
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1 Q | think that's very inportant, so let's address those.

2 So, for instance, in a field, a bacteriumcould be affected in
3 its die-off rates by sunshine, oxygen, tenperature changes,

4 hum dity changes, pH changes, salinity changes, predation

5 changes and ti ne?

6 A Correct.

7 Q Al'l those things would kill bacteria at different rates?
8 A Kill or inactivate or make non-vi able.

9 Q And a nonent ago | believe you said that sunlight

10 typically kills bacteria if it can reach the bacteria within
11 two hours. Do you renenber saying that?

12 A Vll, no, | didn't say if it would reach the bacteria
13 wWthin tw hours. | said it would kill it within a couple of
14 hours, that's a broad estimate, if the bacteria were directly
15 exposed.

16 Q Were directly exposed. So if | can use an exanple, in a
17 cow pie -- this is kind of an enbarrassing case and |' mj ust
18 going to | aunch ahead.

19 A Not to ne.

20 Q Acowpieis alittle pie wwith a crust. Isn't it true
21 that the bacteria inside that cow pie are protected fromthe
22 sunlight or at |least partially protected?

23 A Yeah, yes.

24 Q So they would die off at a nuch slower rate --

25 A. Than what ?
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1 Q -- than if they were spread out on a field?

2 A Correct.

3 Q And if you were to spread out bacteria on the field in a
4 thin, fine dust and thereby expose themto sunlight, those

5 would die wthin a few hours?

6 A Vel |, that depends on what you nean by a thin, fine dust.

7 Q Thin enough that they could see the sunlight, they could

8 be exposed to the sunlight?

9 A If they are directly exposed, then they -- we're going to
10 have a pretty high inactivation rate as long as they don't make
11 it intothe soil. |If they do nmake it into the soil, then
12 they' Il be protected.

13 Q And in tal king about those sane factors, dryness kills

14 bacteria. | believe you used the word desiccation by that, but
15 you nmean dryness; right?

16 A Correct.

17 Q And that kills bacteria?

18 A Correct.

19 Q So the sane thing, a cow pie shelters bacteria by keeping
20 in the noisture; is that right?

21 A Conpared to?

22 Q Conpared to a thin dust?

23 A Yeah, conpared to a thin dust.

24 Q Now, you're not offering an opinion in this case as to the

25 relative rates of novenent of bacteria that you' ve studied and
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testified about; is that right?

A Not to the relative rates of novenent, no.

Q In fact, as part of your work in this case, you did not
study the novenent characteristics of any type of bacteria in

t he wat ershed, did you?

A No, | did not.

Q Nor are you offering any opinion today about the different
survival rates of the different bacteria in the Illinois River
Wat er shed?

A Can you rephrase that, sorry.

Q Are you offering any opinion today as to the relative
survival rates of the bacteria that you found in the watershed?
A No.

Q And you didn't study under what conditions and how | ong
bacteria survived in this watershed, did you?

A No, but we have done extensive studies of that in ny |ab
Q But you didn't study it here in the watershed?

A Not in the watershed, no.

Q Now, let's focus on the barn there on the screen. |'ve
got that up as a representative of a poultry house. You don't
know very much about the survivability of bacteria in poultry
litter lying on a poultry house floor, do you?

A | know that they're in a relatively stressful situation in
that environnment but | think you said relative survivability?

Q Ri ght .
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1 A Meaning with respect to one anot her?

2 Q To each other, to one another.

3 A We know that Enterococci tend to survive better than
4 E. coli in poultry litter. That's one thing that's fairly
5 wel | -established in the literature.

6 Q And you know that poultry litter in houses is often
7 | ayered, nultiple |layers go in?

8 A Yes.

9 Q And it sits there for a while?

10 A Yes.

11 Q Do you have an opinion whether the tinme that passes and
12 the layering kills off the bacteria?

13 A | would -- ny opinion would be that -- which | haven't
14 tested as we' ve established, but ny opinion wuld be that the
15 bacteria on the top layer of litter -- there are probably nore
16 vi abl e and cul turabl e bacteria on the top layer of the litter
17 than there are at | ower |ayers.

18 Q And the ones at the Iower |ayers would be dead or dying?
19 A Vell, they would be stressed at |east.

20 Q So you didn't study how | ong bacteria can survive |aying
21 out in afield after they were renoved froma poultry house,
22 did you?

23 A Not specifically.

24 Q You didn't study the specific fate and transport

25 characteristics of bacteria noving between fields in the
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wat er shed, did you?

A No, | did not.

Q And you didn't study the bacterial survival
characteristics in the streanms in the | R\

A Not specifically in the streans. Although again, we've
done a lot of work in nmy |labs, so | have a strong basis for
opi ni ons about that.

Q You're not offering an opinion in this case as to the

rel ative bacterial survival characteristics in the streans, are
you?

A You' d have to be a little bit nore specific in your

questi on.

Q Did you study bacterial survival characteristics in the
streans in the Illinois R ver Watershed?

A Not in terns of an experinmental study, no.

Q Al right. Let's walk through this denonstrative. So in
a traditional fate and transport, you start in the poultry
house, you nove to the field where the litter is applied. And
then you have to track howthe litter noves, if at all, how
bacteria in the litter nove, if at all, as they encounter an
edge of a field; is that right?

A Vell, there's all sorts of ways that you can design a
study like that.

Q | s that one way --

A It depends on your questions.
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1 Q s that one way to design it?
2 A That is one way to design it.
3 Q Then at the edge of a field you m ght encounter another
4 field; is that right?
5 A The edge of a field would be the edge, there would be
6 sonething there to stop it.
7 Q There woul d be sonething there to stop the bacteria from
8 novi ng of f the edge of the field?
9 A No, there would be -- an edge of a field neans an edge.
10 There's sonmething el se there, a road, a ditch, sonething.
11 Q O anot her field?
12 A |'d call that the sanme field.
13 Q Ckay. So it's your testinony that in the Illinois River
14 Watershed all fields end in either a road or a ditch?
15 A My concept of the term-- I'msorry. Can | explain just

16 briefly? M concept of what an edge of field is, is it's the
17 end of a |arge, grassy expanse that would make up a field and
18 then there woul d be sonething that would interrupt that grassy
19 expanse, whether it be a ditch or a ditch and a road or a

20 structure or sonething.

21 Q And did you observe the sanpling in this case?

22 A No, | did not.

23 Q So do you know if at the edge of the field, there was

24 sinmply another field or always a ditch or a road?

25 A In the edge of field sanples that were collected in this
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1 case, there was sone sort of a ditch or a depression in which

2 wat er could col |l ect because those were water sanples, the edge
3 of field sanples.

4 Q So there were never -- if other witnesses have testified

5 that there were puddles at the edge of a field, you contradict
6 t henf

7 A No, | said a depression or a ditch or sonething where they

8 could collect the water.

9 Q In fact, you don't know what was at the edge of the field;
10 isn't that right?

11 A Fromwhat |'ve been infornmed, it's usually a ditch

12 Q In cases where it's a ditch or not a ditch, if there's

13 another field beyond it, let's nove through that, and then

14 let's nove through the denonstrative, and eventually then you
15 reach the stream |If the question you are trying to address in
16 a traditional fate and transport, and this is what I'mtrying
17 to bring out, that the bacteria in the streamcane fromthe
18 poultry house, don't you have to track it across the

19 envi ronnent ?

20 A To denonstrate what?

21 Q If you are trying to show --

22 MR. JORGENSEN. Your Honor, may | approach the

23 denonstrative? It mght help. W're having sone trouble,

24 maybe | can cut it short.

25 THE COURT:  Yes.
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1 Q (By M. Jorgensen) WAs the question that you were trying
to address in this case, Dr. Harwood, whether bacteria that are
found in the streans, whether those canme frompoultry litter?
s that the question you were trying to address?

A Not directly whether bacteria that canme from one

(2NN ¢ 2 IR N ¢S B\

particular field were in one particular stream but whether

7 there was a gradient of these signals fromone conpartnent, in
8 ot her words, fromone type of sanpling entity to another.

9 Q So the bacteria that you find in a stream E. coli, let's
10 take that for exanple, they could cone fromcattle; right?

11 A In certain streans there would be sone possibility for

12 contam nation fromcattle.

13 Q They could cone from birds?

14 A There could be a bird conponent.

15 Q | f you found Sal nonella, it could cone fromreptiles?

16 A Sal nonel | a has been isolated fromreptiles.

17 Q So if you found Salnonella in the streans of the Illinois
18 Ri ver Watershed, it could cone fromreptiles? |'mnot trying
19 to trick you with these questions. |'mactually trying to

20 clarify what you did.

21 A So if I found Sal nonella at an edge of the field sanple |
22 woul d - -
23 Q | f you found Sal nonella in the streans of the Illinois

24 Ri ver Watershed, they could conme fromreptiles?

25 A They could cone from other sources other than -- than that
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1 field, yes.

Q And it was your job to help the plaintiffs understand
whet her the bacteria that you found in water, groundwater or
streans, whether it canme frompoultry litter?

A It was ny job to determ ne whether or not there's a

(2NN ¢ 2 IR N ¢S B\

correl ati on between the practices of |and applying this poultry
7 litter and the contam nation that's appearing in streans,

8 that's how | would phrase it.

9 Q And you did not do that through a traditional fate and

10 transport analysis, you did it through the m crobial source

11 tracking we were just talking about?

12 A We did the mcrobial source tracking, yes, as a way of

13 determ ni ng whether or not we had a specific poultry litter

14 signature in that water.

15 Q Al right. Now, let's talk for just a nonent about the
16 animals that live in the Illinois R ver Watershed. Pigs carry
17 Canpyl obacter; is that true?

18 A Pigs are not well-known to carry Canpyl obacter. |'msure

19 there's been a couple of studies that have found them

20 Q And Sal nonella al so, don't pigs also carry Sal nonel | a?
21 A Yes, pigs carry Sal nonell a.

22 Q Most reptiles, | think we established, carry Sal nonel | a?
23 A | wouldn't say nost reptiles, but | know they' ve been

24 i sol ated from sone.

25 Q Humans contribute fecal nmatter to the Illinois River
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1 WAt ershed directly?

2 A Hopeful Iy not.

3 Q You don't know whether they contribute it directly?

4 A No, | don't know.

5 Q Let's | ook at page 186, |line 14 of your deposition. Page
6 186, lines 14 to 21.

7 (An excerpt of the videotaped deposition of Valerie

8 Har wood was pl ayed.)

9 Q "So humans can contri bute fecal bacteria to waterways

10 directly?

11 A "Directly, yeah, and also through their waste di sposal

12 syst ens.

13 Q "Ckay. And are septic systens a potential source of fecal
14 pat hogen cont am nati on?

15 A "Septic systens can be if they're not properly constructed
16 to be separated fromthe water table."

17 Q (By M. Jorgensen) Dr. Harwood, you haven't studi ed how
18 many species of animals live in the watershed, have you?

19 A No.

20 Q You don't know how many types of birds live in the

21 wat er shed?

22 A No.

23 Q You haven't studied the mgration patterns of birds

24 t hrough t he wat er shed?

25 A Not directly, no. |[|'ve had sone information on it, but I
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have not nyself studied that.
Q You did not quantify the volune of manure deposited by
each different type of animal in the watershed, did you?
A Not nyself, no. Although |I have seen information on the
subject again and | know that annually in the Illinois River
WAt er shed there's about 350,000 tons of poultry litter |and
applied. | knowthat fromChris Teaf's work, that the vol une
of, for exanple, poultry litter is one of the dom nant sources
of fecal material contributed.
Q Let's | ook at page 72, 19 of your deposition, 72, 19 to
21.

(An excerpt of the videotaped deposition of Valerie
Har wood was pl ayed.)
Q "Did you attenpt to quantify the type of manure from each
type of animal in the watershed?
A No, | did not."

MR. JORGENSEN. And Then let's go to page 121, line 25
to 122, 2 of your deposition.

(An excerpt of the videotaped deposition of Valerie
Har wood was pl ayed.)
Q "Do you know the per capita fecal production of any living
animal in the | R\
A "No. "

MR. JORGENSEN. And then let's go to page 72, line 25

to page 73, 3.
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1 (An excerpt of the videotaped deposition of Valerie
2 Har wood was pl ayed.)
3 Q "Did you attenpt to quantify the volunme of bacteria that
4 come fromeach type of aninmal in the watershed?
5 A "No, | did not."
6 MR. PAGE: Your Honor, | object to that use of the

7 deposition. Her testinony was not that she tried to do it, but
8 that she reviewed other people's nmaterials, and that deposition
9 statement there did not contradict her statenents.
10 THE COURT: The question on the record that
11 M. Jorgensen asked, | thought had to do with an attenpt to
12 guantify the type of manure. Just one second.
13 MR. PAGE: | Dbelieve the question, if |I heard it
14 correctly was, did she attenpt to quantify it.
15 THE COURT: You have not determ ned the vol une of
16 manur e deposited by each type -- | can't make it out -- of the
17 wat er shed.
18 MR. JORGENSEN: |I'mactually reading froma little
19 script. Soit's, "You did not attenpt to quantify the vol une
20 of manure deposited by each type of animal in the watershed,
21 did you?" And then the direct response is 72, Lines 19 to 21
22 THE COURT: Overrul ed.
23 Q (By M. Jorgensen) Dr. Harwood, did you attenpt to
24 quantify the volune of bacteria deposited by pets in the

25 wat er shed?
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1 A No.
2 Q Did you attenpt to quantify the volunme of bacteria, |I'm
3 not tal king about the manure, but the bacteria in the manure
4 deposited by humans in the watershed?
5 A No.
6 Q And you don't know whether anyone else on the State's team

7 did any of these things, do you?

8 A There was -- material was reviewed as to the relative or
9 t he anounts of animal feces that woul d be deposited in or that
10 could contribute to inpairnments in the watershed, but that

11 material -- that research was not done by ne.

12 Q And you're tal king about the anmounts of feces, not the
13 vol ume of bacteria in the feces?

14 A Correct.

15 Q You didn't study the effects of urban runoff on bacteri al
16 | oading in the watershed, did you?

17 A No.

18 Q Al right. W've covered the things that you did and that
19 you didn't do. Let's nove to the science of mcrobial source
20 tracking generally. Now, mcrobial source tracking, it's a
21 young science; is that right?

22 A | would say it started in 1996 or so, dependi ng on where
23 you start, so, yeah, it's 20 years old.

24 Q Wul d you agree that it's still devel opi ng?

25 A Yes, nuch as all of mcrobiology is devel opi ng.
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1 i nportant and where energing nethods are al so i nportant as | ong
as they' re based on reliable nethods and good scientific

val i dati on.

Q And in this case you've excluded work that was not based

on a standard net hod?

(2NN ¢ 2 IR N ¢S B\

A Results, you nean, data?

7 Q  Unh-huh,

8 A Yes.

9 Q And in this case, the specific science that you are

10 offering, the specific work that you did, it's novel, isn't it?
11 A The work that | did is based on a technique that is

12 validated reliable in many, many different fields. There are
13 aspects of uni queness to our approach, yes, but again, it's
14 based on sound science and good validation.

15 Q The question, Dr. Harwood, is the specific science that
16 you are offering in this case, is it novel?

17 A | don't know if |I would use the termnovel. It makes it
18 sound kind of silly, but I would say it is a devel opnent of a
19 new net hodol ogy. That's what | woul d say.

20 Q It's untested, isn't it?

21 A. W tested it.

22 Q It's not a standard anal yti cal procedure?
23 A It's not a standard anal yti cal procedure.
24 Q It's nore appropriately considered devel opnental and

25 cutting edge?
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A It is indeed, as | said, new It is new nethod
devel opnent .
Q So no one el se has done this before?
A O her peopl e have done very simlar studies. Again, the

EPA' s own scientists are working on this nmethodol ogy. They

have peer reviewed publications out. [It's not sonething that

nobody has ever done before. It's not speculative. |It's based
on a reliable nmethod and strong validation procedures.
Q | believe you said a nonent ago that it's not novel. Can

we bring up Defendants' Exhibit 293? W start on page 2 of
this at the very bottom | think we need to give sone context
to this, otherwse it doesn't make sense and we want it to be
fair. Does this begin with an e-mail from Roger A sen to
various people, including you?

A Yes, it does.

Q And does he say, "W are proposing to rel ease al

anal ytical data to the defendants. However, we don't want to
rel ease any of the PCR nol ecular tracking results at the tine.
Wuld the follow ng statenent preclude the PCR results?" And
the statenent is, "W wll deliver to defendants copies of al
chem cal and bacteriol ogi cal analytical results produced by
standard anal ytical procedures and received from conmerci al

| abs, excluding any direct expert directed assessnent
mani pul ation, evaluation and our interpretation and opinions of

the analytical results fromall nedia, litter, soi
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1 groundwat er, surface water, |akes, rivers, streans, creeks and

2 sedi nents. "

3 Al right. Let's go up to the next. That's alittle
4 bit of context. Let's go up to the next one, | think that

5 m ght be on page 1. |Is that an e-mail from Kent Sorenson to
6

Roger O sen?

7 A Yes, it is.

8 Q Let ne read what M. Sorenson says. "Roger, to ne it

9 conmes down to your definition of standard anal yti cal

10 procedures. Wile one could argue about whether the PCR or

11 ot her techni qgues m ght be considered standard, | think we would
12 be justified in saying this stuff is not standard, given that
13 we're dealing with a potential biomarker that has not

14 previously been denonstrated and for which we had to design new
15 prinmers. 1In that sense, this is uncharted territory."

16 Did | read that right?

17 A Yes.

18 Q And then let's go to the e-mail above. W is that from
19 and to?

20 A From Tanzem McBeth to Kent Sorenson, Roger O sen and ne.
21 Q Does Tanzem say, "I agree with Kent, while the PCR itself
22 may be standard, the process of devel opi ng the bi onmarker

23 procedure is not standard. |In fact, we haven't even finished
24 devel opi ng and verifying the analysis and | think any

25 di scl osure of results at this point is premature"?
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1 A That was 2006.
2 Q Let me go down to the |ast sentence. "The entire process
3 is highly specialized and nore appropriately consi dered
4 devel opnental and cutting edge rather than standard."”
5 Dd I read that right?
6 A Yes.
7 Q And then the e-nmail at the very top, who sent that?
8 A That's fromme to -- oh.
9 Q Wul d you read what you sai d?
10 A "I agree with Tanzem and Kent. This is nmethod devel opnment
11 in a relatively novel research area. Nothing is standard about
12 it."
13 Q Now, what you identified in this case is a bacteria, is

14 that right? The biomarker that you refer to is a bacteria?
15 A It's a gene froma bacterium
16 Q And it's not part of a chicken's DNA, | want to nake that

17 clear; is that right?

18 A That's correct.

19 Q It's not part of a turkey's DNA?
20 A That's correct.

21 Q It is a bacteria?

22 A That's correct.

23 Q And it's your theory that this bacteria lives in chickens
24 and turkeys; is that right?

25 A It's not a theory.
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1 Q kay. So it can -- when it's found in the environnment, it

2 could be growing there on its own?

3 A Now when it's found in the environnent, that | don't know.
4 But I know -- | strongly suspect that it could be cultured, so
5 that would be growi ng outside of its host. But | don't know
6 whether it could grow in the environnent or not.

7 Q Let's tal k about whether this new bacteriumis host

8 specific. \Wat does host specificity nmean?

9 A Host specificity is one of those funny words in

10 m crobiology. A lot of tinmes I'd rather use the word host

11 associ ated because al nost any m croorgani smthat you see can be
12 found at a relatively lowrate in sonme other organism So host
13 specificity would nmean a strong -- in nmy mnd host specificity
14 means a strong association with a particular type of aninmal,

15 ani mal species or a group of animals that one could define. So
16 we'd find it nmuch nore frequently and at hi gher concentration
17 in that organismthan you would in other organisns, but | don't
18 think of it as an absolute term

19 Q So host specific can nean -- or, well, let nme say host

20 specific does nean that it's specific to one type of aninmal?
21 A So host specific, again the way that it's used in the

22 literature neans that it's predom nantly found in one

23 particul ar type of animal.

24 Q You yoursel f have said that host specificity is the Holy

25 Grail of mcrobial source tracking; is that right?
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A | wote that, yeah.

Q And host specificity is what a truly host -- host specific
mar ker is what you're searching for in mcrobial source
tracking; is that right?

A Ri ght .

Q Because if it's not host specific when you find the
bacterium it could have cone fromnmultiple hosts; right?

A If it's not host -- | assunme you are using the term
meani ng absol utely host specific is how you --

Q Right, if it's not absolutely host specific?

A If it's not absolutely host specific, which nost of the
mar kers that we use in these studies are not, then you have to
wei gh the caveats of what other animals m ght be contributing
and at what |l evels they mght be contributing to the finding.
And again, we're using the wei ght of evidence approach, so
we're never relying solely on one angle, one line of evidence.
Q So ny question was if a bacteriumis not host specific
then when you find it in the environnent, it could have cone
fromnmultiple hosts?

A It depends on how many other hosts you mght find it in
but it could have cone fromany sort of cross-reactive host
that you find it in. Again, you have to weigh the |ines of
evi dence.

Q The marker, the biomarker in this case you' ve identified,

it's not, in fact, unique to poultry, is it?
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1 A The biomarker that we identified is not unique to poultry.
2 We found it in one duck sanple out of the 10 that we anal yzed
3 and one goose sanple out of the 10 that we analyzed. So it
4 certainly neets the definition of strongly host associ ated but
5 in ternms of absolute host specificity, then it doesn't. So we
6 have to be aware of that.
7 Q So when you find this in the environnent, it could have

8 conme from geese?

9 A It -- if you find it in the environnment in the absence of
10 any other lines of evidence, then you woul dn't know whether it
11 came from geese or not. Again, so you have to wei gh everything
12 init.

13 Q And t he same for ducks?

14 A Yes.

15 Q And when you say you found it in one out of 10 sanples,
16 the one sanple actually had the feces of 10 animals in it;

17 right?

18 A Ri ght .

19 Q So as far as you know, it could be in 10 ducks?

20 A It was a very faint signal. And we actually used nested
21 PCR to pick it up, rather than the qPCR, which is very, very,
22 very sensitive and it was a very weak signal even then. And
23 again, we tried to clone it and found it in very few of our

24 clones. So we strongly suspect that it's at a very | ow | evel

25 in these animals and probably in very few animals. But we
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1 Q You found it in ducks and geese?

2 A One out of 10 sanples, correct.

3 Q Let's go to what is pages 8 and 9 of this exhibit. Dd
4 you test, Doctor, to know whether your bacteriumis present in
5 her ons?

6 A Her ons?

7 Q  Unh-huh,

8 A No.

9 Q Coot s?

10 A No.

11 Q Crows?

12 A No.

13 Q  Hawks?

14 A No.

15 Q oM s?

16 A No.

17 Q Deer ?

18 A No.

19 Q Any type of other bird?
20 A No.

21 Q Let's look down this list. Let's go to page 9. Do you

22 see this long list of over -- | believe it's over a hundred
23 different animals that live in the Illinois R ver Wtershed,
24 different types of animals that live in the Illinois River

25 \Wat er shed?
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A Yes.

Q Did you test to see if your bacteriumis present in any of
t hose?

A Nope, but can | explain sonething, Your Honor?

THE COURT: Yes.

THE WTNESS: Wen we determ ne which non-target
sanples or other animals to validate against, we target -- we
choose the ones that are nost likely to inpact the watershed
based on our know edge of the watershed. Now, snmall birds,
i ke many of these here, they have small masses of feces and
their feces dry out quickly. Sanme with many -- nost sone
animals. They sinply aren't going to contribute a | arge
mcrobial load to the water. So we -- it's inpossible to go
out and sanple fromall of these aninmals, so again we target
the ones that, to the best of our know edge, are going to be
the maj or contributors to contam nation throughout the
wat er shed.

THE COURT: You've al ready nmade that point tw ce
before; right?

THE WTNESS: Ckay. Thank you.

Q (By M. Jorgensen) 1'll nove on. Do you renenber
testifying that in this case you did not attenpt to quantify
the anount of feces or bacteria fromany of these ani mal s?
A That's correct.

Q Ckay. Having identified this DNA sequence in an unknown
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1 t here been any foundation established that this w tness has
even seen this docunent before or is part of a correspondence
chai n or anythi ng?

THE COURT:  Sust ai ned.

MR. JORGENSEN: |I'msorry, what's that?

(2NN ¢ 2 IR N ¢S B\

THE COURT:  Sust ai ned.

7 Q (By M. Jorgensen) Have you seen this before?

8 A No.

9 Q Do you agree with the assertion that your nethod is so new

10 as to be proprietary?

11 A | don't know.

12 Q It is new, isn't it, and unlike what has been done before?
13 THE COURT: | think we've plowed this ground before.
14 Let's take a break. W'Il|l take a five to ten m nute recess.

15 (Recess.)

16 Q (By M. Jorgensen) Dr. Harwood, in this case you did not
17 personal |y gather any of the sanples that you anal yzed, did
18 you?

19 A That's correct.

20 Q But the sanples that were provided to you, there were

21 sanples fromten cattle fields; is that right?

22 A Yes, that's right.

23 Q If I left this building and went and found ten cattle

24 fields in the nei ghborhood and none of these cattle in those

25 fields had trichinosis, does that nean that none of the cattle




Case 4:05-cv-00329-GKF-PJC  Document 2030-3 Filed in USDC ND/OK on 05/08/2009 Page 62 of 63

738

1 i n Gkl ahoma have trichinosis?

A No.

Q Can we bring up what we previously showed, as | believe
you called it a cartoon, Defendants' Denonstrative Exhibit 32.

Now, Dr. Harwood, because you did not study the fate and

(2NN ¢ 2 IR N ¢S B\

transport of the new bacterium you do not know whether, if it
7 were in a poultry litter house or on a poultry litter field,
8 whether it would nove in the sanme manner and at the sane rate

9 as ot her bacteria?

10 A | have no reason to believe that it wouldn't.
11 Q Aren't bacteria of -- | think we've established this.
12 Aren't bacteria of different types -- don't they nove

13 differently?

14 A | didn't agree with that. | said that the physical and
15 chem cal factors that influence themare going to be nore

16 i nportant than their type.

17 Q So you do not agree that sone bacteria are |arge and sone
18 are smal | ?

19 A Sonme are large and sone are small, but within a very --

20 mean, over an order of magnitude.

21 Q Sonme nove qui ckly and sonme don't, you don't agree with
22 t hat ?
23 A Their actual novenent, their notility is not going to be

24 nearly as inportant as the physical forces that are noving

25 t hem
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1 Q Do you recall that you warned the Court in that case about
ent eropat hogenic E. coli and the synptons of it?

A Yes.

Q Did you not say that those synptons could result in kidney

damage or deat h?

(2NN ¢ 2 IR N ¢S B\

A Yes.

7 Q Then you specifically reference the OL57:H7 strain?

8 A Yes.

9 Q You did not test -- let nme restate that. The plaintiffs
10 did not test anywhere in the watershed for 0157, did they?

11 A That's correct.

12 Q You have no evidence that 0157 exists in the watershed?
13 A Not from our study.

14 Q And the 0157 Enterococcus is associated with healthy

15 cattle; is that right?

16 A You nean 0157 E. coli?

17 Q Yes, 0157:H7 E. Coli associated with healthy cattle?

18 A It can definitely be isolated fromhealthy cattle, yes,

19 and from cows and ot her ani nal s.

20 Q When you warned the Court about kidney damage or death for
21 a bacteria for which you did not test, were you trying to scare
22 t he Court?

23 A No, |I'msure the Judge -- Your Honor, you've seen ny

24 affidavit and it sinply is a list basically of sone pathogens

25 that one mght find associated with poultry feces. Nowhere in
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